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ABGTRACT

Development of the subsonic cascade wind tunnel facility required deter-
ninetion of the two-dimensionality and periodicity of the airflow in the

test section with test cascade installed, Data acquisition procedures were

developed, and data were recorded for two facility configurationss The

flow was shown to be unsatisfactory at a diffusion factor of approximately

0,55 and asrect ratio 1.25, and to be acceptably two~dimensicnal and per—

iodic at a diffusion factor of approximately 0.39 and aspect ratio 1,95.
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Veloecity, non-dimensionalized by the "limiting" velocity
Wr==y45§:E; .
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Subscripts:
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I. IITRCDUCIIC:!

The worl: reported herein wvas to evaluate a subsonic cascade wvind tunnel

facility, and, in particular, its suitability for measurements of air flow

through two~dimensionai cascades of compressor blades. Detailed flow field
data are needed fron carefully controlled tests in order that newly emerging

fDow prediction computer methods can be tested and refined, D2lade elenment

verfornance data are also needed for new blading designs.

Theoretical flov through cascades of blades and epnlication of theo-
retical and experimental data to the design of axiel {low compressors are
treated in Reference 1. Chapter 6 of Ref, 1 collects and summarizes the

extensive early cascade studies carried out at IJACA. The importance of

obtaining the nroper two-dimensional and periodic flow is eminasizedes In

view of the unique design of the present facility (Tigures 1 and 2) hou-
ever, it was not certain thal the experiences of otier investigators would
necessarily be repeated,

Before subsonic cascade wind tunnel data can be accepted as valid, tne
flow conditions in the tunnel must meet three criteria, Reference 2 dis-
cusses these criteria in detail, Tirst, the inlet flow must Le acceptably
uniform, Any disturbances in the airflow should be caused by the cascade ol

test blades, and should not pre-exist in the wind tumnel, OStatic, dymaxnic,

and total pressures, and the flow direction, should be uniform over the

cross-section as the flov enters the test section,
Secondly, the flov passing tirough the test blading nust be tuo~di- i
|
!
mensional; that is, measurcd flow characteristics must be reasonably in- E
i

dependent cf spanvise sosition, The stendards by witich tuo-dimensionaiit

N
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are neasured are discussed in Section II,

The third criterion is periodicity of the near-field iniet {lcwy and of
the outlet flow., In the near-field (within about one chord length of tie
vlades), as the airflov approaches the leading edges of the biades, 2n ug-
stream perturbation occurs as the streamlines adjust tc negotiate the blade
cassages. Since the test cascade is intended to simulate an infinite cas-
cade of blades, the flow characteristics should be the same at corresronding
locations in all inter-blade passages. This condition should also hold true
at the outlet of the blading.

Zarlier work by Moebius (Ref. 3) with the present facility involved
modifications to the plenum chamber which established satisfactorily uni-
form flow at the exit of the bellmouth contraction into the test section,
The purpose of the present study was to determine whether or not suffi-
ciently two-~dimensional and periodic flow could be produced through typical
compressor cascade configurations within the available range of biade aspect
ratios, but without the removal of tunnel wall boundary layers by suction,
The study was preliminary to, and motivated by, a NASA requirement to ob~
tain test data on specific cascade geometries,

The notation used to describe the test cascade is given in Figure 3,
Tests were made with two configurations., First, seven IIACA 65-series blades
were installed at an air inlet angle, A?1==6O degrees and a stagger angle,
¥= 46,1 degrees, Surveys of the flow, using the instrumentation system
reported in Ref., 3, showed that the flow at the cascade outlet was grossly
distorted and certainly far from being two-dimensional. Preliminary re-
sults obtained with this configuration are reported in Appendix A, A
cascade of fifteen C-series hlades was then installed at an air inlet angle,

ﬂ1 =39.8 degrees and stagger angle,¥'=16,21 degrees, The air inlet angle

11




ond Ailfusion Zacter (Ref, 1, Chaster 6 vere ciwsen (0 2..rcacl, &5 nearl)

cosnitvie, tiose recuirsd in the [irst cescade Lo e tested Jor SN,

results of the experimentel progranm, and tne instrumentation and data

igition rrocedures develoned for Ifuture cascade testing, are reported
e folloying sections,

II. ZUTRIMUSTAL CCIUnTDTRATIC!N

.

Uniformity of the inlet flow fieid, two-dimensionaiity at mid-span, and
meriodicity from blade to blade are necesszry (but not sufficisnt) conditicns
for ohtaining valid cascade datz. In what follows, tile necessary cenditions

viil first be discussed, then additional experimental requirements will be

nentioned,

The requirement for uniformity of the inlet flow is commen to 21l wind
tunnel testing. In the present facility, verification was needed that tae
inlet guide vanes to the test section produced an acceptably unifcrm flow
ahead of the test blading. ’

The second condition is that a substantial portion of the span (at all
stations in the blade-to-blade direction) must exhibit uniform flou
characteristics. This will clearly depend on several fectors, If the Iflow
vere truly two-dimensional, the flow characteristics would be completely
independent of the spanwise location in the cascade. Boundary layers de-
velop, hovever, along the side and end walls between the entrance to the
test section and test cascade. "ithin the boundary layers, the total and

dynanic pressures are lower than they are in the main streams The growth

of the boundary layers causes an effective contraction of the main streanm

cross-sectional area, with the result that the velocity and dynanic

12
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pressure in the main stream are slightly higher than they would be in truly
planar, two-dimensional flow, In other installations (Ref. 2, for example),
this problem was reduced by removing the boundary layers using suction
through porous wallse One of the objectives in the design of the present
wvind tunnel was ta reduce the need for suction by ensuring uniform boundary
layers on the side walls in the blade-to-blade direction, and by operation
at high Reynolds! numbers, A further difficulty caused by the development
of the wall boundary layers is their interference with the boundary layers
that form on the surfaces of the blades in the cascade, It is especially
difficult to establish a substantial spanwise area of uniform flow in the
region near the suction side of each blade (Ref, 2).

In planar, two-dimensional flow through a channel (i,e,, the flow has
the same cross~sectional depth at inlet and outlet), continuity requires
that the product of fluid density and axial velocity remain constant, In
the cascade wind tunnel, the buildup of boundary layers along the tunnel

valls, and their interference with boundary layers developed on the blades, ‘

causes the effective spanwise depth of streamtubes in the main flow near ‘
mid-span to contract. This results in the product of fluid density and g
axial velocity being slightly higher in the main stream at the cutlet of the
cascade than at the inlet, The ratio of the product at the outlet to that
at the inlet is generally referred to as the axial velocity-density ratio
(AVDR). An AVDR of unity would indicate a perfectly two-dimensional flow,
while values other than unity indicate departures from tihis condition,

The third necessary condition is that the flow be periodic from hYiade
to blade, !/hen the cascade has few blades (say, seven or fewer), the two
(incomplete) passages, between each end wall and the first adjacent hlade,

become critical, Ilexible and porous walls have becn used to, in eflect,

13




control the bounding streanlines in these regions (Ref., 2). Clicarly, as
the nunver of blades in tihe cascade is increased, subject to a satis-
factorily uniform inlet flow, the end passages become less critical, and
neriodicity will be nore easily achieved over the center nlades, Secrio-
dicity can be verified by flow field measurenerits or, nore sensitively, by
conparing surface pressure distributions measurcd on different blades.
‘aen upstrean uniformity, spenvise two-dinensionality, and blade-to-
lade periodicity sre acceptable, probe survey dato fronm upstream and

-~

dommsiresn of tne blades can ve teken and integrated to obtain the two-

-

inensional wlade—elcrent performance. roucver, one further condition must

oy

be met: The survey data must satisfy the momentun conservation equation

for the particular value of the AVDR obtained by satisfying continuity,

As the air is turned in passing through the cascade, the change in its
nomentum can be calculated from the angles and velocities at the inlet and
outlete The change in momentum (measured at the spanwise centerline) is
related to the force on the blades and the change in static pressure across
the cascade. Integration of the neasured pressure distribution along the
centerline of the blade (in the chordiise direction) yields tle »ressure
Torce exerted by the hiade section on the air. OComrtarison of tie neasured
rressure force with that coiculated from the chiange in nomeatun o the air
iz the fing verification that the Hrojer eimierimental Tow conditions love
becn establigacds To date, a comrarison of tie uressure lorces on tie
Wlades witl those calculated from tie chenges in monentum hiwes not been made,

since blades instrumented with pressure tass have not veen available,

14
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IIT, FACILITY DESCRIFTION

A. CASCADT YLD TUMNEL

The subsonic cascade wind tunnel facility was described by Moebius [37
and, in detail, by Rose and Gutiormson [27. Tigure 1 shows the layout of
the facility and its unique test section design, The design ensures that
the airflow paths from the guide vanes to all blades of the cascade are of
equal length, This was intended to eliminate the probléms in other designs
caused by having wall boundary layers of different thicknesses (and his-
tories) entering the cascade at different points, Figure 2 shows a photo-

graph of the cascade wind tunnel test section,
3. INSTRUMENTATION

The position of the instrumentation is shown in Figure 4.
1, Hall Pressure Taps
Static pressure taps were located on the south side wall, 15.25
inches axially ahead of the mid-chord and 7.25 inches axlally behind the
mid-chord of the cascade of 5,12 inch (chord) blades. Twenty taps were
evenly spaced at two inch intervals along the wall in the blade-to-blade
direction at each axial location, The taps were connected to a water mano-
meter board so that the uniformity of the static pressure distribution in
this direction could be monitored visually. One upstrean tap and one down=
strean tap (near the centerline) were also connected to the Scanivalve,
through which all pressures were recorded.
2, Upstrean Reference Probe
A fixed Kiel probe was placed on the spanwise centerline in the test

section dowmstrean of the turning vanes, but well upstream ol the cascade,

15




The probe provided a reference total pressure during the tests. The probe
wvas also connected to the Scanivalve,
3¢ Upstregm Survey Probe
A United Sensor Corporation DA 125 probe, Jerial no, AC47-1 (des-
cribed in Ref. 5 and Appendix 3) was mounted in a traversing mechanism
approximately 11.25 inches axially upstrear of the cascade, such that it
could be positioned anywhere within a section 10 inches wide by 24 inches
long of the inlet flow cross-section, The probe pneumatic pressures were
comnected to the Scanivalve, and position and yaw angle of the probe were
recorded using position potentiometers.
4e Downsgtream Survey Probe
A United 3ensor Corporation DCe125~24~F-22-CD probe, Serial no, A9G1=2
(described in Ref. 5 and Appendix B) was positioned approxinmately
11,75 inches axially downgstreanm of the cascade. Its mounting and data
acquisition were identical to those of the upstream survey probe,
5¢ Survey Rake
A rake of static and total »ressure probes (described in Appendix )
could be substituted for either survey nrobe. The rake spanned tiie test
section and was used to survey in the blade-to-blade direction, }easurements
vere made with the rake mounted in the downstrean traversing mechanisme The
rakke pressures vere connected to the Scanivalve, and the ralke yaw and blade-
to=~blade position were also recorded,
6. Reference Measurements
Plenum chamber (supply) pressure and temperature, and atnoszheric
pressure, were recorded with each data scan. The total temperature through-
out the test section was assumed to be the same as the nlenum chanber

tenperature,

16




Ce DATA ACQUISITION AI'D REDUCTIQ

The date acquisition system is shown in Fig, 5, Data was logged, re-
duced, and plotted using the lewlett-Packard (P-3052A Data Acquisition
System (see also Ref, 6). The system used an HP=-9545A calculator as a
controller, with components interconnected on an HF-0€034A IIP-IB Inter-
face Bus, including an !G-76K Scanivalve Controller (Ref, 7).

The programs developed during the present study for acquisition, re-
duction, and plotting of data from the cascade wind tunnel are listed and

described senarately in Reference &,

IVe TEST PRCGRAN AD PROSTDURSS

A. PROGRAI! DIBCRIPTION
Table I gives data for tle two cascade geometries which were testeds In
the first configuration, the cascade consisted of seven 10 7 thiclt IACA 65=

series alrfoils of eighteinch chord, s»raced eight inclies ejarts The inlet

+

end=yall anclc woes set at 60 desrees. The steogger angle (Jor ninimum loss

1acidence) was set at 4é.1 degrecs, oad the caleulated outlet angle 'ins 47

deoreess  Tae outlet end wall wag thorefore seb te AC

culatel dilfuslion LJector was Da0,577. In tlds coenfiguratlon, cac slle well

("gide 'rallzs" are uhose perwencdicular Lo tie Wlalo s ) ras shes, wihilc

-

*. *. . Tag e ta sl - N - . .
tie otlier wrs onc=dneh~tiicl: leidlcces,

-

In the second confijurction, meascurcuealis ucre Jirsh node witl o wledes

H 4 i t ORK N At g Aty A, + ) L. K1 PR - ~
ia the btest secticn, ool writh tiie teslh secltisn inlel alr ong p,l1=_ o
) e - oL e L R 4 N e R .. e, N
desrseg, e jarcose of tls bost uzs Lo ensure Jirst thwt the Tov Tronm

tie zulde vanes into tlic test scecilon was gsevislactorily unilcrm helere ine

serting the test bladess A cascocde of 15 T-serincs airloils was then
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pynes

A Wm st

inserteds The blades had a chord of 5,12 inches and were spaced four inches

apart, for a solidity of approximately 1,20, Two-dimensionality was ci=
nected to be improved by the higher aspect ratio, but tic Reynolds! numier
uas necessarily reduced. The inlet end wall angle was set at 39,5 degrees,
for an incidence angle calculated to be 10 degrees above the calculatec
aininun loss incidence angles The outlelt end weils were sct at 12.C decrees,
These values vere calcuwlated to achieve a diffusion factor of Co30. In

tae sccond configuration, itiie onc-ineh plestizloss ua’l was reonlcoced yith

the Zacility's originel steel well (Rel. 4), since the ~lexizless well uas
obscrved to nove bowed, Care ras talren witl: tle end-Dlade=tomcgndeusll

ressages as descrided in Relerence Q.
3. TRCTIDURS

The srocedure used In testing thie second confliguration wes as Zollous.

Uith the tunnmel running, and vefore data were talten, the outlet end walls
and the indet guide vanes were iteratively adjusted to nroduce a very necarly
wiiforn distribution ol static sressure across tiic infeb and outlet to the
cagcade, as monitoresd by a nultitube vater manoneter berlis The adjusinment
sroccdure is described in Reference €,

EN

The ralie =“robe uas used first to survey the ouvitlet :slane Lo defermine
quicldy whether any sienvise area of uniforn flow existed, Integration of
the calculated mass flux (using rake impact nressures and side wall statics)
on the spanwise centerline of the tunnel vas compared with the nmass flow
rate estinated at the lower plane using the liel nrobe rregsure and the in-
lect side wall static pressure measurenents, This gave a rough approximation

of the AVDR, Periodicity of the flow was checked by comparing values of

total pressure at corresponding locations in different blade passages.




Detalled surveys of both the inlet and outlet planes in the blade-to-~
blade direcction were then undertaken with the Survey probes (described in
Appendix B)., Integration of inlet and outlet mass flux distributions de~-
rived from the survey measurements was performed to determine the AVDR
using the method described in Appendix D, The data alsc provided a con~
firmation of the periodicity of the flow,

All tests were carried cut with a plenum pressure to atmospheric

nressure difference of 16 to 20 inches of water,

Ve RESULTS A'D DISCUSSION
A. FIRST CONTFIGURATION

The results presented in Appendix A for the first configuration showed
that the flow at the cascade outlet was distorted and not symmetrical about
the nid-span plane. The degree of spanwise non-uniformity was quite un-
satisfactory. The non-uniformity may have been due to stalling of part of
the cascade, aggravated by leakage between the blade ends and the plexi-
glass wall, It is also suspected that the technique of using both survey
proves at once was improner, since the downstrean survey probe was then in
the wake of the upstream survey nrobe. The accuracy of the downstrcan

nrobe data is therefore questionchle,

B. SECOND COUFIGURATION

Tests were first conducted with the cascade blades removed to determinc
the effect of the guide vanes at the test sectlon inlet. Resuwiis obtained
with the rake probe are renorted in Ref. 9. It was found thal the waltes
from the vanes were not mixed out at the lower mcasuring nlane but gave 2

well defincd periodic variation in the impact pressure, This condition was

19
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undesirable, but it could be tolerated wvhile looking only at two~dimension-
olity and periodicity. Since inlet flov conditions were not uniform, mess
averages would be used to cclculate properties at the inlet plane from
probe neasurements,

Data from the rske probe surveys downstream of the blades in the second
cascade configuration are listed in Table II and shown plotted in Figures
6 - 13, A photograph of the water manometer board showing the side~wall
static pressures unsircan and dovmstrean of the cascade is shown in Figure
14e The static pressure was seen to be uniform at both stations to within

Oe1 inches of water following the adjustment procedure described in Ref. D

- Fgures 6, 7, and § show plots of spanwise total pressure distributions
I at discrete blade-to~blade locations, Tigure 9 shows the distribution over

| one blade passage as a three dimensional nlot, Tie data shovw a satis-

factorily uniform distribution of total pressure over almost 50 nercent

of the span at all stations. From these data, the AV/DR was estimated to
be about 1,03,

Fgures 10, 11, 12, and 13 show the spanwise total pressure distributions
at corresponding nositions in the four centermost blade passages. The fig-
urcs show that the periodicity of the outlet flow, particularly near center
' span, vas excellent.

The results of individual probe surveys at the upstrean and downstrean

measuring planes at midspan are given in Tigures 15 - 10, Tirst, the flow

angle variations are shown in FMgures 15 and 16, There was measured to be

e —

Zess than £ 0,5 degrees variation upstream of the cascade, and less than
2 0475 dogrecs variation dowmstiream, Tile results in TFizure 17 arc showm
for a blade-to-blade survey aeross Cour blade spaceg, plotted over a single

blade space, There was scen to be an apparent lack of jeriodicity in tae

BN TN N PR Y S
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results in contrast to the rake results, and an explanation was needed,

The data in Fige 17 are shown for impact pressure in relation to the up-
stream (fixed) Kiel probe pressure, normalized to the supply dynamic pres-
sure calculated from the Kiel probe and wall static pressure measurements.
This method of normalizing the distribution would be expected to yield re-
sults which would not depend significantly on fluctuations in the supply
conditions. However, that conclusion in turn requires that the Kiel probe
neasurerents follow the supply fluctuations linearly., If the inlet flow were
truly uniform, this condition would be satisfied automatically. The guide
vanes at the test section inlet, however, generated wakes which were not at
all well mixed at the Kiel probe (or, as can be seen in Fig, 18, at the
inlet traversing plane). The consequence was that the Kiel prrobe, being

in the wake of a guide vane, measured a reference total pressure vhich did
not vary linearly with the mass—averaged total pressure at the inlet mezs~
suring plane. An exanination of the probe and reference quantities recorded
for the data in Tig. 17 showed that the survey nrobe jpressure and the vind
tunnel suznly (»lenum) pressure qualitatively followed the sane trends,
vhereas tihe Hiel »robe pressure Aic note The cxamination ziso showed that
tne level of tae sunply pressure was slizhitly Righer during the »robe
traverse (shown in Tigz, 17) from O to 47 then 1t vas during the traverse
from =G to 0, Tae date wvere therefore re-rcduccd by normalizing it ro-
anect Lo rlenunm sunply pressure and a dminmic Rressure bascd on lentn
susly aressure and lowver wall stotic sressure (
ziven in Table III and ore she'm jletted in Figures 17 ard 20, It can e
seen that periodicity of boti the inlet and eoxit flow was ogein confirned,

and that apparent fLuctuations in the data were recduced.s Tt wvas concluded

that 2 gingle fixed Kiel probe mecasurement at the lower ~lane vas en
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inadequate reference for cascode performence measurenents in view of th

»resence of tie inlet guide vane valies,

It saowld

nositioned upstrean of the lower measuring slane (Fig.

tlie measurenents nade at tine doimstrean »lane when the

renovecd, The irreg

oo

vas Jound to be due to tlie presence o
the test section in the inlet low,
Jistributions shwwm in Mig. 13 were ¢
vell 077 center so tiat

asurenent »iane,

conlucted at tle uner ne

Jariations in tiae bLlover szeed (and ther

curing tie rrobe survey olso sresented difficuliies
Tae nass fDux calculated at each 2oint in the rrobe

-

8

rerying intet conditions.
Dy vas to calculate a reference mass flux for eacl

using »lenun zressurc as the reference total »ress

its welke would nov be cncountered in

olized to a reference nass Jlux in order to recduce ta

Thae procedure adojted,wiich is

also be noted that the rresence of the snall (1/5W)

e . e v
phoined vhen il {lsel nrole

-

elore in infet dymanic »ressure)

. - . R,
in ealculating tie U771

survey nusit

aeint in tio

re ané lower

sressure as the reference static pressure. 3y integrating the

ratio at both urstream and dowmstream planes over an integ

blade peossages, and teking the ratio of the two integrals, the AVDR was

found to be approximately 1.C6,
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VI. COUCLUSIONS A:D RECCMEZDATIONS

The follouing conclusions were reached:

e The first cascade configuration of seven blades with aspect ratio

of 1,25 and diffusion factor of 0,577 gave unsuitable flow conditions; the

results were preliminary, however, because

1)

ii)

iii)

leakage around the hlade ends resulted from a bowed plexi~
glass side wall,

the proper behavior of the inlet guide vanes with a metal
screen attached, at the prescribed‘g1= 60 degrees, was not
verificd before the cascade blades were installed,
upstrean and downstrean probes were mounted together and
there might have been interference on the downstream probe

fron the wake of the upstream probe,

2. The second cascade configuration of 15 blades with aspect ratio

of 1.9% and diffusion factor of 0,394 gave excellent flow conditions,

Specifigally,

i)

ii)

111)

static pressurs was uniform at both upstream and dowmstrean
stations to£0,1" vater,

impact pressure vas periodic at the uzstream measuring planc
because of inlet guide vane wakes, The pedli=to-nealr vari-
ation was 24 of dynanic pressure over two-inch intervals,
The average of the periodic profile was almost constant in
the blade-to-blade direction.

The flow angle at mid-span varied less than £C.5 degrees

upstrean and less than £0,75 degrees at the dowmstrcan
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traversing plane,

iv) Trom rake and single survey probe resulis, tie flou dovn-
stream was closely periodic over at least the four central
blade nassagese.

v) The downstrean flow was independent of spanwise location
vithin? 2 inches of the mid-span plane,

vi) The AVDR was about 1406,

3e The mechanical adjustment procedures for the end walls, and the
nethod adonted to set the geometry of the end walls through the cascade,
vorked well,

Le The data acquisition scftware ond acquisition procedures were
satisfactory, and vill serve future studies conducted in the facility.

The following recomnmendations are made:

1o Analyze probe survey data to evaluate fully the blade elenent
perfornance of the cascade (including mass-averaged total pressure loss
coefficient, actual diffusion factor, and measured deviation angle).

2. DRepeat measurement for a range of incidence angles,

3« Design and install a screen itc eliminate guide vane wakes, and
rercat blade element measurenents.

4e ©Tvaluate various flow visualization techniques,.

5« Carry out experiments with blades instrumented with surfacc
pressure taps, sc that a momentum balance can be corried out on the amid-
coan measurcrenis.

6. Zvaluate the use of upstrean side wall suction (for wvhich the
facility is designed) to reduce the boundery layer thiclness and thereby

control the AVDR and secondary flow effccts.




TABLE I.

Cascade Configuration Data

Blade type

Number of blades
Spacing (s) (inches)
Chord (e) (inches)
Solidity (@)
Thickness (% chord)
Camber angle (¢¥)
Stagger angle )
Air inlet angle (ﬁl)
Incidence angle (i)
Deviation angle ($)
Air outlet angle (/92)

Diffusion factor (D)

Configuration 1

NACA 65-series
7
8
8.0
1.0
10
36

0.577

Configuration 2

C-series
15
n
5.12
1.28
13.5
20
16.2
39.8
13.6
6.6
12.8

0.394

(Last three values calculated by methods of Ref. 1)
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Table II  Rake Survey Data Downstreanm

REDUCED RAKE DATA FROM RAW DATHR IM FILE RAWS2S
THIS REDUCED DATR STORED IN FILE REDSZ3

POINT # 1 RAKE POSITION: 7.99%9
PLENUM PRESSIUIRE: 17.68 PLENUM TEMP: 492.333

AMBIENT PRESSURE: +411.893
TOTAL PRESSURES:

POSITION Pt=Pa (inH20) S/Y PORT
.25 14,54 7
.75 15.28 3
1,59 15.24 9
2.59 14.84 19 ;
3.59 14.89 12 i
4,59 14.66 13 .
5.50 14.686 14
6.58 14.71 15
7.50 14,79 17 )
8.50 15,99 18
3,25 19.53 19
9,75 13.77 28
STHTIC PRESSURES:
POSITION Ps-Pa (inH20> S/V FORT
9.00 .45 &
3.00 1.75 1t
7.60 1.92 16
19.00 .06 21
POIMT # 2 RAKE FOSITIONMD &,947 ‘
PLENUM PRESSURE: 17.82 FPLENUM TEMP: 492,333
AMBIENT PRESSURE: 411.893
TOTHL FRESSURES:
PUSITION Pt-Pa (inH20) S/Y FORT i
.25 13.48 T
.7S 14.33 3
1.50 15.58& 3
2.59 16.71 19
3.50 16.851 2
4,58 16.3¢ 13
5.5%a 16.52 14
5.589 16,87 15 |
7.59 16.72 1 .
%.50 16.10 L& ‘
9.25 14,31 1= : ﬂ
2.79 12.60 24
JTATIC PRESSURES:
FOSITION Pz=-Pa (inHIOD" . % FORT
g,60 .61 IS
3.09 1.85 11
7.00 2.24 16 3
19.00 .88 2




Rake Survey Data Dounstrean (Continued)

POINT % 3 RAKE POSITION: 5.097

PLEMUM PRESSURE: 17.68 PLENUNW TEMP: 492.383
AMBIENT FRESSURE! 411.348

ToTAL FRESSURES!

POSITION Pe-Pa (inn2QD g/ PORT

.25 g.16 7

e 11.94 S
1.50 14,71 9
2.59 16.46 13
3.%9 16.57 12
4,58 18.8¢ 13
5.50 16.84 14
6.99 16.66 19
7.59 16.30 17
3.50 14.57 ie
9.25 12.63 139
9,75 18.71 29

STRTIC FRESSURES!

POSITION Ps-Pa (inH20? 5,V PORT
9,99 .64 S
3.00 1.84 11
?.3@ 2-18 1‘5
19.00 .11 et

FOINT # & RAKE POSITION: 3,993

PLENHUM PRESSURES 17.73 FLENHUM TEMPI 492,383
BRMEIENT PRESSURE! 411,348

TOTRL PRESSURES:

POSITION py~-Pa (inHzD> 5 0y FORT

.28 .24 7

.75 3.%53 o

1.59 18.7% 3

2.9598 15.54 19

3.58 16,673 12

4,58 16.53 13

5.50 15.69 14

.59 15,59 19

7.59 15.83 17

3.50 19.29 12

3,25 2,22 19

| 2,75 8.3% za
‘ SIATIC FRESSURES?

posiTION Ps~Pa vinHZL: 2oy PuRT
@, 08 BB <
3.00 1.76 11
.00 2.41 18
18.00 B2 21
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Rake Survey Data Downstream (Continued)
/
POINT # 5 RAKE POSITION: 4.493
PLENUM PRESSURE: 17.82 PLEHUM TEMP: 492,383
AMBIENT PRESSURE: 411.757
TOTAL PRESSURES:
POSITIONM Pt-Pa (inH20V SsY PORT
.25 18.70 v
rd] 13.9¢ 8
1.950 12.72 2
2.59 14.36 18
3.50 15.79 12
4.58 16.16 13
5.%0 16.28 14
6.58 15.97 19
7.59 14,88 17
8.50@ 11.59 18
9.25 12.78 19
9.7% 11.52 29
STATIC PRESSURES:
POSITION Ps-Pa (inH20: S VY PORT
V.00 <395 o
3.00 1.60 i1
7.00 1.97 16
19.00 .13 21
POINT & 6 RAKE POSITIOM: 4.993
PLENUM PRESSURE: 17.71 FLENUM TEMP: 492.333 ‘
AMBIENT PRESSURE: 412.1€5S
TNTAL PRESSURES:
POSITION Pt-Pa (inH2O3 oY PORT
.25 12.95 7
.75 15.13 3
1.58 15.32 3
2.50 14.89 19
3.560 14.15 1z
4,59 14.02 1z
S.59 14.13 14
6,50 14.25 S
7.50 14.34 v
2.50 15.64 1s
.25 15.54 19
9.75 13.33 20
‘ ZTHTIC PRESSIRES:
POSITINON Ps-Pa (inHIOo S8 FORT
‘ T .58 S
) 3,90 1.60 11
d 7,90 1.85 18
16,00 .10 a1




FOINT & 7

PLENUM PRESSURE: 17.77 PLENUM TEMP: 492,333

Rake Survey Data Downstream (Continued)

RAKE POSITION: 3.49¢

AMBIENT PRESSURE: 411.521
TOTAL FRESSURES:

POSITION Pt-Pa CinH20) SV FORT
25 12.89 v
73 15.15 S

1.350 16.895 £l
2.59 16.67 10
3.3@ 16.69 12
4.50 16.67 13
5.50 16.61 14
6.50 1e.62 13
7.50 16.64 17
g8.38 15.28 18
9.2%5 14.78 13
9.75 13.45 29

STRTIC PRE3SSURES:

POSITION Ps~Pa (inH20? SV PORT
0.089 .58 &
3.00 1.886 11
7.00 2.07 1€

10.00 .08 21
POINHT # 8 RAKE POSITIOMY 3.007
PLENUM PRESSURE: 17.76 FLENUM TEMP: 492.383

RMBIENT PRESSURE: 411.621
TOTAL PRESSURES:

FPOSITION
«25
7S

1.50
2.56
3.59
4.50
S.50
6.359
7.59
8.5%0

o
4.25

STATIC PRESSURES:

POSITION
.90
3.00
7.00

16.90

Pt-Pa (inH20: 5.4 PORT
12,952 ;
14,562 &
16.18 E]
16.77 1a
15,59 12
16.83 13
16,73 14
16.72 15
1e. 81 17
15.588 13
14.20 13
12.57 0

P3-Pa vinHZd - 3.V FURT

o fJ [
1.87 11
2.16 i

.83 21
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Rake Survey Data Downstream (Continued)

POINT # 9 RAKE PUSITION: 2,501

PLENUM PRESSURE: 17.71 PLENUM TEMP: 492,383
AMBIENT PRESSURE: 411.7S57

TOTAL PRESSURES:

POSITICH Pt-Pa (inH20) $-v PORT

.23 11.17 7

.73 14.53 3
1.509 16.086 9
2.50 16.99 1a
3.%0 16.82 12
4,%0 i7.02 13
5.50 16.97 14
6.50 17.09% 19
?.%50 17.00 17
8,99 15.79 18
9.25 13.57 19
9,75 11.90 20

STRTIC PRESSURES:

POSITION Ps-Pa (inHZ20 S°v FORT
06,00 » 38 S
3.00 1.81 11

18,00 .18 21

FOINT # 18 FAKE POSITION: 1.989

PLENUM PRESSURE: 17.72 PLENUM TEMP: 492,383
AMBIENT PRESSURE: 412.929

TOTAL PRESSURES:

POSITION Pt-Pa (inHZO> 5.9 FORT

.25 9.11 v

o7 12.99 )
1.5@ 15.39 3
2.50 16.85 19
3.59 15,78 12
4,59 16,85 13
5.50 16,92 14
6.%9 12,75 15
7.50 16.60 17
38.%59 14.78 15
3.29 12.47 13
9.7% 1e.61 Y

“iATIC PRESSURES:

FusITION Ps-Pa CinHID e FPORT
Q.00 Y [
3.00 1.7 11
7.00 2.11 16

13,00 -.03 21
30
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Rake Survey Data Downstream (Continued)

POINT # 11 RAKE POSITION: 1.494
PLENUM PRE3SSURE: 17.72 PLENUM TEWP: 492,383

AMBIENT PRESSURE: 411.757
TOTAL PRESSURES:

POSITION Pt-Pa (inHZ0’ 3s¢v FORT
.29 ?.52 ?
W75 10,91 3
1.50 15.16 K
2.959 16.50 19
3.50 18,59 12
4.59 16.62 13
5.59 16.5? 19
6.%0@ 16.60 19
7.50 18.28 17
8.%50 12.05 13
9.29% 9.97 19
3.79 8.61 20
$TATIC PRESSURES!

POSITION Ps~Pa C(inH20: S/Y PORT
9.00 .48 €
3.00 1.82 11
7.09 2.87 io
19.00 ~.10 21

POINT # 12 RAKE POSITIOM: .98&

PLEMUM PRESSURE: 17.75 PLENUM TEMP: 492.383

AMBIENT PRESSURE: 411.43%5
TOTAL PRESSURES!

PUSITION Pt-Pa (inHZD" 3.y PORT
.29 9.82 v
7S 2,82 3

1.5@ 14.560 k]
2.59 16.63 19
- 3.58 15.58 12
4,59 1€.84 13
5.59 16.83 14
6,509 16.75 13
7.59 15.%9 v
8.59 9,76 13
9.29 9.02 1o
a,? 7v.35 zQ

< TRTIC PRESSUPES:

FOTITIUN P3~-Pa (inH2u: 3N FORT
7,39 .99 "
3,00 1.39 1.
7.00 2.92 i

19.90 .18 <1
A
- ——
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POINT # 13

PLENUM PRESSURE: 17.68 PLENUM TEMP:
RMBIENT PRE3SSURE: 411.893

TOTAL PRESSURES:

POSITIUN Pv~Pa (inkHa0? S3/Y PORT

25 13.31 T

] 12.48 &
1.50 13.74 )
2.5@ 15.44 19
3.59 15,63 12
4,50 15.91 13
5.%50 15.99 14
5.%50 15.7% 15
7.58 14,34 7
3.50 12.90 1e
9.25 13,02 19
9.7% 11.30 29

STARTIC PRESSURES:

POSITION Ps-Pa (inH20> S<¥ PORT
9.00 -1 é
3.00 1.61 11
7.00 1.86 15
18,00 .13 21

FOINT # 14

PLENUM PRESBURE: 17.71 PLENUM TENMP:
AMBIENT PRESSURE: 412.829%

TOTAL PRESSURES:

FOSITION Pt-Pa (inH20’ 3.8 PORT

.25 14,77 7

e 14,40 3
1.5@ 13.3% £}
2.%59 13,88 19
4.59 14,44 13
5.5%50 14,22 14
6.59 13.99 15
750 13.41 17
8.50 14,11 12
2,25 14.49%5 19
9.79 12.74 4

SIHTIC PRESSURES:

POSITION Ps-Pa (inNZO: 5.4 POURT
0.99 .92 S
3.00 1.49 P
v.00 1.72 1<
10.00 . 29 21

32
- i —
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Rake Survey Data Downstream (Continued)

RAKE POSITION:

RAKE POSITION:

492, 383

492,383

. 507

256




POINT # 15

Rake Survey Data Downstream (Continued)

RAKE POSITION: .014

PLEHUM PRESSURE: 17.74 PLENUM TEMP: 492.383
RAMBIENT PRESSURE: 411.621
TOTAL PRESSURES:

FOSITION Pt-Pa (inHzOD SV PORT
25 14,15 7
-] 15.595 8

1.50 15.16 9
2.50 14.58 19
3.%50 14,52 12
4.58 14.32 13
5.58 14,31 14
.59 14,32 15
7.58 14,70 17
8.50 16.82 18
9.25 15.53 19
9.75 13.57 P33

STRTIC PRESSURES:

POSITIONM Ps-Pa (inH20: Ss¢ FORT
0.00 e &
3.90 1.953 11
7.00 1.81 16

19.00 .10 21
FOINT # 16 RAYE POSITION:-,245

PLEHUM PRESSURE: 17.
AMEIENT PRESSURE

683 PLENUM TEMP: 492,383
P 411.485

TOTRAL PRESSURES:

FOSITION Pt-Pa (inH20> Ss% FORT
295 14.74 7
75 15.13 g

1.59 15.33 3 .
2.59 16.24 19
3.59 16.25 12
-4.50 16.01 13
S.50 1€.08 14
6.50 16.12 15
7.50 1€.38 17
8.50 16,49 13
9.25 15.38 13
.75 13.70 o

STHTIL PRESSURES:

FOSITION Fs-Pa »1nH200 SN FORT
9.90 . SH &
3.90 1.84 it
7.00 1.39 5

19.00 ~. 01 P
33
. -
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Rake 3urvey Data Downstrean (Continued)

POINY 4 17 RAKE POSITION:~.495

PLEHUM PRESSURE: 17.79 PLENUM TEMP: 492.383
AMRIENT PRE3SSURE: 411.621

TOTAL PRESSURES!

POSITION Pi-Pa CinHzO $-y PORT

29 14,04 ?

73 14.84 (-]
1.59 15.54 3
2.350 16.4% 1@
3.%59 16.51 1e
4,50 16,953 13
S.350 16.49 14
6.59 16.50 19
?.50 16.69 17
8.5@ 16.14 18

.25 14.82 19
9.7 13.13 29

STHTIC PRESSURES!
POSITION Ps-Pa (ink20. S5/v PORT

9.09 .51 )

3.00 1.76 i1

?.00 2.90 ie

19.00 -.13 1
POINT @ 18 FRKE POSITION:-3.018
PLENUN PRESZURE: 17.70o PLENUM TEMP: 492,383

AMBIENT PRESSURE: 411,348
TOTRL PRESSURES:

FOSITION Pt=Pa (inH20> Loy FORT
« 25 12.41 v
Nrg-1 13.93 ]

1.50 15.34 2
2.509 16.5¢ 19
3.%59 16.74 ie
4,50 16.87 13
5.%@ 16.8% 1+
6.5¢@ 15.81 19
7.50 16.63 17
8.50 16.90 1&
9.29 13.98 17
9.7 12.39 29

LTATIC PRES3URES!

FoSITION P3-Pa i1nHI0 . 308 PurT
9.0 .50 €
3.900 1.76 il
7.09 2.03 le

10.90 -.91 ai
34




Rake Survey Data Downstream (Continued)

POINY # 19 RAKE POSITIONI-1.95

PLENUM PRESSURE: 17.7 PLENUM TEMP: 492.383
RMBIENT PRESSURE: 411.757

TOTRL PRESSURES!

POSITION Pt~Pa (inH20> &V FORT
.29 11.02 7
ra-} 13.39 2

1.50 14,78 3
2.58 156.12 10
3.50 16.84 12
4.50 18,98 13
5.50 16.94 14
5.59 17.01 19
7.30 16.98 17
5.59 15.47 13
9.25 13.69 19
3.75 11.70 2

STRTIC PRESSURES:

POSITION Ps-Pa (inHZ0) sV PORT
9.909 .93 &
3,00 1.709 11
7.90 2.02 16

19.00 ~.14 21

POINT # 206 RAKE PUSITION:-2.807

PLENUM PRESSURE: 17.7 FLEMUM TEMP: 492.383
AMBIENT PRESSURE: 411.621

TOTAL PRESSURES:

FOSITION Pt-Pa (inH2Q™ S FORT

29 3,99 Iy

A 12.10 =
1.50 15.83 2
2.50 16.28 10
3.50 15.93 12
4.50 16.75 132
5.%50 16,91 14
5.%0 16.77 15
7.509 165,43 17
3.50 14,43 1a
9.2 12. 3¢ 15
2,79 19,04 29

STHTIC PRESSURES:

FOSITION Pe-Pa vinHId" S FOFT
9,00 .38 £
3,00 1.6% 3t
T.80 2.99 18

13.99 -.8% ol
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Rake Survey Data Downstream (Continued)

FOINT # 21 FRKE POSITION:-Z2.495
PLENUM PRESSURE: 17.74 PLEHUM TEMP: 492,383

AMETENT PRESSURE: 412.1853
TOTRL PRESSURES:

POSITION Pt-Pa (inH2O) €Y PORT
.29 7.43 v
.75 9.78 8

1.59 13.13 3
2.50 16.03 1@
3.59 16.53 1z
4,50 16.58 13
5.50 16.68 14
6.50 16,65 15
T.580 16.33 17
3.5@ 12.209 18
9.25 10.93 19
9.75 7.85 20

STATIC PRESSURES:

POSITION Ps-Pa CinHaly S,V FORT
2,ae0 44 5
3.99 1.68 11
7.00 2.083 is

10.00 ~-.18 21
POINT # 22 RAKE POSITION:-3.005
FLENUM PRESSUFE: 17.75 FLEMUM TEMP: 492,383

AMBIENT PRESSURE: 411.621
TOTAL PRESSURES:

POSITION Pt=-Pa (inHZd) 3.V PORT
.29 8.15 T
o‘l" 9-51 :5

1.586 11.81 3
2.50 15,01 19
3.50 16.83 12
4,50 16.52 13
5.9 16.72 14
.50 16.7¢ 19
7.50 15,26 17
8.50 9.88 18

2% 8.52 19
9.73 3.21 il

STRTIC PRES3URES:

POSITINN Ps-Pa <inHaQ 5% FORT
3.00 .93 =
3.00 1.63 1t
ve@3 ' 1.95 15

{e.00 .11 21
36
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Rake Survey Data Downstrean (Continued)

POINT # 23 RRKE FOSITION:~3.508
PLENUMN PRESSURE: 17.76 PLENUM TEMP: 492,383

AMBIENT PRESSURE: 411.757
TOTAL PRESSURES:

POSITION Pt~Pa (inHZ20> Sy PORT
25 11,85 7
g 13.954 g

1.90 12.57 9
2.50 15.49 19
3.50 16.31 12
4,89 16,28 13
.50 16,25 14
6.59 15.99 15
7.50 14,48 7
3.%598 11.38 13
9.25 12.44 13
9.75 11.88 =37

STATIC PRESSURES:

POSITION Ps~Pa (inH20) S/Y PURT
9.90 2 )
3.00 1.8 11
7.99 1.77 15

19.90 .93 21

POINT # 24 FAKE POSITIOH:~4.009

PLENUM PRESSURE: 17.73 PLEMUM TEMP: 4%2,2383
AMBIENT PRESSURE: 412.185

TOTAL PRESSURES:

POSITION PLt-Pa (inH20J S-% FORT

23 13.8¢ T

7Y 15.43 B
1.5%0 15.98 E)
Z.%9 14,29 169
3.%50 13.96 12
4.58 14,10 13
S5.59 14,09 14
£.99 14.05 15
7.%0 14,28 17
8.%9 15.72 12
9.2% 15.56 12
a,?5 13,93 0N

TATIC PRESTUFES!?

PO ETION Fs-Pa (indzZa: o FORT
g, 00 .34 3
3.89 1.40 11
7.00 1.71 15

19.00 -, 04 2
37
—
S s




POINT & 25
FLENUPM PRESSURE:

nake Survey Data Downstrean (Zontinued)

17.34

AMRIENT PRESSURE: 411.521
TOTRAL PRESSURES:

POSITION
25
.75

1.5@
2.959
3.59
4.58
5.59
6!56
.50
8.59
3.2%5
3.75

Pv-Pa (inH20>

13.43
15.82
16,41
16.868
16.57
16.65
16.54
16.70
16.795
16.72
15.34
13.19

STATIC PRESSURES:

POSTTION
8.080
3.99
7.00

10.08

FOINT & 26
PLENUM PRE3SURE:
AMBIEHT PRESSURE:

Ps~Pa CinHZOY

.81
1.?6
2.03

.88

TOTAL PRESSURES!

PASITION
.29

-
. i

1.58
2.59
3.59
4.9
5.50Q
6.59
7.50
8.59
9.25

B -
RN

Pt-Pa (inHZOY

12.32
14.42
16.:
16.3
1s.
15.7
16.7
16!
1€,
16!
14.

12,

X

LIRS RN v
300~ R @

g O 4 N T
D N

LTATIC PRESSURES!S

FO3ITLION
Q.08
3.00
7.99

19.80

z~Pa finMa0r

.58
1.74
1.98
-.93

17.78

3V

FRKE FOSITION:-4.511

PLENUM TEMF! 432,333

arRT

oo~

FRKE POSITIONI-5.082

FLENUM TEMPL 492,333
411.43%

G FORT
18
1z
13
14
15
17
18
13
P
so\ FORT
"
it
14
21
e
o]
e




Rake Survey Data Downstream (Continued)

POINT # 27
PLENUM PRESBSURE: 17.72

PLEHUM TEMP:

RAKE POSITIGN:-6.003
432.383

AMEIENT PRESSURE: 411.757

TOTAL PRESSURES:

PCSITION Pt-Pa (inH20) Sy PORT

.25 10.63 il

W75 13.7% 3
1.59 1S5.z¢ 3
2.50 16.68 19
3.59 16.82 2
4,50 16.95 13
5.50 16.93 14
6,59 16.96 15
7.59 16.93 17
8.50 15.42 18
9.25 13.21 19
2,75 19.85 29

STRTIC PRESSURES!:

POSITION Ps-Pa (inH20! 5,¥ PORT
0.60 .43 &
3.e9 1.66 11
7.80 2.08 1o

16.90 .85 21

FOINT # 23

PLENUM PRESSURE: 17.71
ANBIENT PRESSURE:
TOTAL PRESSURES:

POSITION
.25
.75

1.59
2.958
3.50
4,54
S.59
.58
7.59
3.50

28

-

[

ol -
ERR ]

Pt-Pa (inH
3.9%
3.04
12.74
16.42
15.6¢6
16.82
16.758
16.71
16,44
19.54

3.41

7.581

STATIC FRESSURES

Fos I TTON
9,30
3.900
?.00
19,99

Ps~Fa ¢inH
.93
1.7
2.04
-.08

PLENUN TEMP:

411.821

20 Sy

o i
SR

el Sl

Fr

RAKE POSITION:~6,992

orRT

nET

492,383




Rake 3urvey Data Downstrean (Sontinued)

POINT ¥ 29 RAKE POSITION:-8.003
PLEMUM PRESSURE: 17.69 FLENUM TEMP: 492.383

AMBIENT PRESSURE: 411.893
TOTAL PRESSURES!

POSITION pPt-Pa (inH2Q2 3,V PORT
.25 13.34 ?
o7 15.31 8

1,99 15.28 o
2,954 14.58 19
3.59 14.07 1z
4,50 14,86 13
S.54 14.01 14
&.58 13.99 - 15
7.50 14.14 i
8.59 15.84 13
9.25 15.64 19
3.75 13.39 29

STATIC PRESSURES:

POSITION ps-Pa (inHZ0) S/ PORT
2.09 .37 &
3.09 1.43 it
7.00 1.63 18

19,098 -.05 21
40




' - Table IIT

Survey Irove Data .

.

DATH FROM FILE REDLSS
BLADE Y3 BLADE TRAVERSE

LOWER PLAMNE

Point Loc i) 2-Qlref P 0lref Pt Olref Kodref
BEENERFERA AL LI R RPN A AN AN ECREXT IR T2 FRERRABE PRSI FRRI e b et s>t e g
. 1 ~3,90 9210 ~.(0u0 0521 L5662
2 -7.89 . 9387 . 0090 LQ237 L9ESS
3 -?.690 L9220 -.2999 L0291 .3861
4 -7.40 .93%4 . 0003 L0122 L9928
5 -?.2 L3318 . 0002 N LEL L3983
5 -?.00 . 9999 -. 9000 L0093 L3955
? -§.80@ 1.992% . 0099 -, 0627 1.9012
s 3 -6,60 .9386 ~.2000 L0201 . 9994
] 3 -§.49 . 9547 N-LET L8367 . 9528
10 -§.20 . 9262 . 0009 .aveY JIE2S
. 1t ~-5.00 ST . 3020 L0852 .9%37
12 -%.80 . 9354 . 0000 L8629 L9597
13 -5.62 . 9685 . 2039 L9327 9844
14 -%5.49 .9358 . 30080 L9143 TR
1S -%5.20 .9%10 -.8000 T XY .99%%
16 -%.99 .9879 -.0000 .012€ L9948
17 -4.80 . 9905 -. 2900 L0099 .99%3
18 -4.60 L9745 -.90800 L0285 L3374
13 -4,490 .9%564 -.0000 L0454 L9763
ze -4.20 .9293 . 00080 L0734 . Y645
21 -4,08 9112 -.0000 9922 .35%2
2 -3.30 9217 -.9308 .RE14 . 9E06
z3 -3.60 .958% . 9990 L0432 L9793
24 -3.49 .9339 . 0000 L0157 L9320
2% -3.20 .987% -. 0000 L9120 L3938
25 -3.09 . 9388 . 8020 0117 L3945
i ~2.89 L9367 -. 00820 L0139 L3934
28 -2.60 9862 . 0600 L0144 L9932
“ 23 ~2.49 2471 . -, 0000 L0550 L9738
30 -2.20 . 9286 . 0099 ATHL .9€42
31 ~2.90 L9143 -, 0920 L0239 . 9565
32 ~1.%@ L9377 -. 0900 L8547 L9583
33 -1.70 .9720 . 0000 L6231 LT
34 1.4 ¥ EIET L02.5 3333
3% ~1.29 .983¢ -. 0900 L9170 ETTY)
28 ~1.09 . 3857 ~. 0090 ,9149 L3329
- kg -.80 L9720 ~. 9009 L0251 LREN
3% ~. 59 _.9634 . 8000 LG58 . 3318
39 -, 40 L9491 . 3990 L9T4S
49 -.20 L3183 -. 2000 L3539
'S} 9.00 9147 -, 0399 L9578
42 .29 . 90335 -. 2092 L9540
42 .40 L9338 -. 5990 L9558
44 .59 . 3568 -, 0000
4 .30 NERT
3 1.20 - 0000
4T 1.29 -, 0009
as 1.49 -.9030
43 1.%9 -, 3900
b t.50 [T g)
‘ -
. 41

T e T




L33
82
33
54
3
S5
ST
<8
S$3
69
61
€2
63
-2
63
&5
87
68
€9
70
71
72
?3
74
S
76
??
e}
9
e
81

2.99
e 2.20
2.49
2.68
<.39
3.99
3.29
3. 40
3.69
3.89
4,00
4.20
$.49
4.50
4.89
.S.09
$.20
S.48
%.50
5.80
5.00
6.20
5.40
6.50
6.80
?.00
?.20
7,49
?.60
7.39
8.09

PATA IN File L382

0/Rref
Ps OQref
Fr/Qref
A/ Rre¥
Positions

Record W13
Record #2:
Record #3:
Record #4:
Record #35:

9284
. 9403
9704
9883
1.0068
9733
9841
. 9691
» 3451
2153
. 9295
9487
3789
3363
1.0017
9909
9567
3748
.9323
9231
. 9159
9473
. 9303
. 9824
. 5913
» 9902
9918
. 9803
. 9549
9293
.9379

~.0080@
.Dave
. 8000
. Q000
~.0009
. 0000
. ovoe
. 0000
-.0000
-.09900
. 9009
-.0000
-. 3320
-. 0000
. 0000
-. 0000
-. 01200
. 8900
.ovee
~.0Q0¢
~.0000
-.0000
~.0000
.DQ00
-.0080
-.0000
.230080
-. 0000
. 0v00
-. 0000
. 9900

.8/43
L7931
L0308
L0143
-. 8052
L0278
, 0185
9321
L8571
0558
L9732
L0954
I ey
L0142
-.0018
N-T-bL
. 0347
.827¢
L9794
8799
.9373
9546
.0283
.2132
.80%0
.0132
.0898%
L0203
0463
L0734
0843

3641
9761
. 3393
L2332
1.0u32
. 9263
9922
9847
L9726
L9531
. 9640
L3734
. 9893
9932
1.0009
.939%5%
.93834
.3871
.9661
.9614
.98°77
37338
9903
.9313
. 9957
3991
7962
L9904
WLITTS
. 9649
. 9682

Ladad ---‘

—

e -

~e



.
. .

Strvey Frobe Data (Confinued)'

)

DATA FROM FILE U38M
BLADE TO BLADE TRAYERSE

. -
UPPER FLANE -
Porint TLectin: A-Qlref Pi-Qlref Pr. Glref Ao tiree -
FPREFRER S RN T E R R TR C AR P AR RN NS AR A TR T P ER A e AN TP ot trPoreanbasoqgone
1 -3.81 L5595 L2328 L05E5 . 39832 .
2 -72.91 .62%¢ .2876 L9387 %
3 -7.33 L8013 L2314 .129¢ L7720
4 -?2.72 .S779 .2730 .12 LTSTL
s -7.61 8767 .27%2 L1611 L7563 .
3 -7.%2 .582% 2734 L1539 . 7601
v -7.42 .S991 L2739 L1334 7707
8 -7.32 L8281 .2831 . 1806 .7889
9 -7.22 L6483 L2518 L0512 L3914
10 -7.13 .8%59% L2791 L0725 .3082 . .
; 1 -7.03 6761 L2762 . L0%32 L8183 L ;
; 12 -§.3e .68%6 L2772 0476 .323% : A
i 13 +8.6% 6967 L2799 0278 .3398 t
‘ 14 ~6.46 .6994 L2746 .9350 .8321 ) {
. 15 ~6.26 L7959 L2755 L6299 .8354
16 -6.0% .7084 .2732 L0276 .8374 . :
R 17 -5.85% .7281 L2706 L9312 - & Y4 oL . '-
18 ~5.68 L7086 2717 L0297 .837% 0
19 ~5.45 .702% .27%0 .8327 .8339 :
20 ~8.2% .6962 .2763 .0373 L3302 i
2 ~5.94 .6909 .2788 . 0492 L5269 ) :
22 ~-3,84 .6878 L2770 . 8458 L3252 : .=
23 ~4.64 L6909 .279¢ L8491 .82¢9 ~
24 ~4.44 .6988 L2773 .092343 .8316 -
zs ~4.23 .6874 L2841 L0332 LG247 . -
2 ~4.13 L6651 .2388 .9%78 .8113
27 -4.03 L6331 . 2904 .0887 L7918
29 ~3.93 L€B31 L2897 L1201 L TT35
29 -3.83 .S739 .2836 L1851 L7542 ’ .
kT") -3.453 .5676 .28z L1641 L7591 . .
- 31 -3.43 L6131 .2863 L1133 L7792 »
3 -3.24 .6%36 L2834 LQE% .8074
33 -3.9% L6677 L2690 L0837 L5130 ;
34 -2.32 L6707 L2788 L0537 L2149
3s -i.63 L6827 L2747 L9537 .B220
’ 3¢ -2.43 L6879 L2772 .04z L8251 B .
- a7 -2.23 L6870 L2738 L0453 L5248 -
g -2.93 L7927 L2078 L2300 L3338
- 39 -1.83 L6929 -4 1] L0434 L8231
49 -1.52 L6930 L2790 L9227 L3291
41 -1.44 L6327 L2766 L0414 L8230
42 -1.23 .6829 L2303 L9479 .22 ’
43 -1.03 L6340 L2789 LI - . !
' .31 L6787 L2791 L9938 L3198 L
45 -.62 L6344 L2805 L0482 L3229 -
45 -.42 LER%S L2¥33 042z .323%
47 .24 L6343 .23%% L0414 L3237
43 - -2 L8709 LA L3141
45 -.a2 L5287 L9303 % R .
DRTA I* Frie usany
Caczor 2 #1200 e
Récora B2 P Teg -
Razara w30 Pty gy -
Pty oorg 845 7 rée
. - »
[ .'I rd + *
~
v - 43 -
! .




€, . .

' Stirvey Probe Data (Continued)
. v
:
{
DATH FROM FILE U38P
BLADE TO BLRDE TRAVERSE -
¢ -
UPPER FLHNE R
Paint Locliny Q- Qiref FPs-Qiras Pt Qlref Novref
ANPORPER AP PR RN Bt tcrotapeRovoreanitebfofbenddttrivbcrtrefoss
1 .07 . 5096 L2327 1110 Mg £ )
2 .48 .933% L2938 L1397 L7601
3 .26 . S0 L2348 1867 .74%6
4 .37 L5885 A-RY:) 1637 L7493 . -
s o7 L5702 L2648 L1298 7818
6 .57 L5901 . 2857 L1349 T
? .67 L6124 L2930 .107 LPTES
5 .78 L6398 L2911 L0316 LTSS
9 .37 L6423 L3364 L9238 L7972 :
te .96 .6%98 L2328 L0897 . 8030 s 4
11 1.1% L8611 . 2344 .0664 .3088 . {
12 1.34 L6696 L2324 ,0597 L0140 .
13 1.%4 L6783 L2630 .9500 3192 .
14 1.7 .6783 L2338 L8435 . 3191 ¢
15 1.9% . 8891 .2309 L0420 .82%6 . ]
18 2.14 .683% L2838 L0444 L8222 C. i
17 2.3% .68€6 L2822 . .042S L8241 .
13 2.5% .6839 2788 . 2435 .8228 !
19 z.7% .6326 .282 L8466 2217 ;
2 2.36 . 6839 . 2841 .0433 . 8224 .
21 3.14 . 6361 .i230 L0421 .323¢ : .-
22 3.3% .6936 L2829 L9355 L8232 -~
23 3.%% .6867 .2886 .0360 . 3240 o -
24 3.76 L6702 L2931 L0432 L5140 . -
25 3.58 L6512 .29830 . 9831 L5024
26 3.96 L6129 .297% L1029 Lres? ‘
? 4.08 .5842 L2919 L1372 L7506 . i :
2 4.1% . 5643 .e331 .168% LTese . .
29 4.26 . 3590 .2897 1699 .7443 . ,
20 4.36 . 56384 .2879 L1581 . TS04 :
- 31 4.49 .6053 L2872 .1209 LP742
32 4.60 .525% . 2390 L0343 L7893 . H
33 4.68 L6390 .287% . 9360 L79%2 .
‘ 34 4.30 .6518 L2908 L3696 L5030
! 3% 4,59 .BE7T L2316 L0624 LS128 - - .
e 3¢ 5.08 L6751 L2838 L0%23 312 -
: ar .28 L6334 T L8430 L2223
‘ 38 $.38 .685% . 2809 L9417 L3253
39 5.68 L6929 L2320 L9372 L3732
40 5.57 L5384 L2339 L3359 L3491
41 8.03 .6890 L2808 L9415 L 32%5 ‘
42 5.2% 5813 L2823 L0472 L&299 L d
43 5.47 .6361 L2847 L0434 .323¢ .
e 8,67 .6802 L2788 L0524 L3204 . -
43 £.36 .67%2 .2226 .0%38 L3175
. 4 ?.08 .6787 .28%¢ T L8194
4 7.a5 L6331 L2630 L04%2 8220
e 7,45 L6352 .23 .04 Leare .
48 7.5 .53%2 LoE0d L03%8 1234
o LT LB74s L292T L0443 a7
s T.56 .845¢ 970 LGBET R -
y o DATH TN File wisPl -

Rec.rd #t: 2 Oret
Pecoart 823 F1 Draf
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Tigure 6

Rake Impect Iressure Date at Upper [lane (iear Tlace Suction Sicde)

TETAL PRESSUFE Cin MO gage )

Q.5

tn FPGIL SUCTIOH SIDE OF CENTERLINE BURDE

P e

N \/\

P " A A P . -

INCHES
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Figure 7

Rake Impact Pressure Data at Upper Plane (ilear 1id-Coran)

ToTAL PRESSURE vin H2O gage)
SPRHHISE ACRUSS CENTER OF ELADE PARSSRAGE
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Figure §

Ralie Impact Pressure Data at Upper Flane (llear Pressure Side)
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1T kot n 8
Roke Impact Pressure Data at Upper Ilane (3-D Presentation)
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Figure 10

Rake Impact Iressure Data at Upper Plane
(0.5" from Suction Side of Three Blades)
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Tigure 11

-
Rake Impact Fressure Data at Upper riane

(1" from Suction Side of Tour Blades)

TolAL PRESSURE 0 HZ0 GJarge
CEAMNISE, b e PRI Sl Lle STDE OF ELADE
FOR THE FOUR CENTERISGST B mLE PriSAGES
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Tigure 12

Rake Impact Pressure Data at Upper rlane

(ilid-rassage of TFour Rledes)

INTHL PFESZURE C1n HZOD gages
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Figure 13

Rake Impact rressure Data at Upper llane

(1" from Pressure Side of Four Blades)
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Figure 14
de Yall Static I'ressure Distributions at Upstream and Downstream Stations
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- o rJ $ A1 7 - " oe Q en
Probe Suryey Dafa at !lid=-Szan F(pkiel pt)/‘ref Downstrean)

.

Figure 17

. ~ «

(Flkiell=-Pt)  Gref
SFRHWNISE CEMNTERLTHNE

+: 4 T2 3 n
Xx: Q@ TO 4 an
®#: =4 T3 0 1n
~: =8 TO -4 n

N S -~
- Vg’
P
S -
\\rfffk J
- F . f
e S " . A ﬁ!
. VAN e 2SS
I ., ‘_)’ , \~J‘. N Y ( ‘.a' II'
S \/Q\/ o/ ay
=
- 15 Il L L e i
A 4
THIHES

&1




-~

Frobe Survey Data at Hid-Spen ((plciel‘pt)/ Qer Upstrean)

(PCKirel1l-Pt) Qref

>

-

LOHER PLANE, SFPANHISE CEMTERLINE

ol

-3

.02

-

T

62

L
c }
\& &f
- J 4
r'\ "y} (%] - l"'i_ W -
! ! INCHES




e

robe Survey Data at Mid-Span g(pplen-pt)/Qref

(Flpleni-Pt) Cref¥
SFRANMISE CENTERL IHE

+: 4 TO

2r x: @ TO
¥: -4 TU

- ~y -8 Tg¢

g in
4 in
‘@ n

-4 in

% Downstrean)

iy SN
——- —_—

~——

-
w&::;t?(;\hﬁ;:twﬂg

H s = .~ e

'i" _«r"/( o ‘S‘. o
a A i i -—e
® & N . T
INCHES
,

63

iy

P i |




s @ 13 a_n (p . == )/0 % Upstreon
Prote Survey Data at 1fid-3pan ((pRLen -t)/ ree” Ul )

(Plplenl-Pta-
LOWER PLRAMNE,

-
.18
.18

14

—
o
T

Q
-
T T
~——
T hee—
i

o

Qret»

Tigure 20

SPANKIZE CENTERPLIMNE

€4

T
i
i
;
[
-
-
-
]
.
. L
-
-
-
-»
.
-




LA

Figure 21

Rake Imract [I'ressure Data at Urper Plane

Xlades Removed, Kiel Irobe in llace

e LISiFIEUT Lo

FLEliutt PRESS = 19.%0 FOSITIGH = 1 I8, LEFT-LENTER

l}—'f'—TrTWII"‘—TI T

® Py
° -. A ? i A k. :‘ i ;___ -
INCHES




APPENDIX A: CASCADE TESTS WITH SEVEN NACA 65-SERIES BLADES

o~ i fOh . = P A L 2 Ead N A e - KN
00 60 Jdeirecs and an air outict angle (ﬂ?o) of 40 deyrecs. ilecsurcments
~

e 3. o8 N - ”. A M KR PR 2 4o . - R
vere nade witii five-lole ~rodes al the inlel and outlel ~lanes.,  Taciiilty

conlisvration and data acquisition wvere gs dascribed Uy loebdius [?7

(=1

Tigures =1 through -4 shov the measured pressure distrinutions,

- TS~ - T A 3 ) IS IS -~ P ~ .- 1.
noronalined to inles dyrzcmlc Sressure, at the ourlet 07 2o t:mical Liadc

'

sassage near wae cexnver of tiie cascadee.
Timure 4=1 shows the shanwise distribticn ol total nressure at Tive
hlade=to=blacde positionsg in the passage, The data arc sresented as tae

difference between total sressure at the Kiel »robe and totel rrossure at

the troversing prove, normalized to inlet dymamic “ressure., IU can be

wm
O
&
N
4

ot
.‘3
ot
ct
oy
[0}
}

flow was found not to be two~-dimensional, since there is no span-
vise area of uniform total pressure,

Pigure A-2 ghows the spanwvise distrivution of dynamic nressure at the
four positions, Data are presented as dynamic pressure at the Lraversing
orobe normelized to inlet dynamic pressure. The Jisure shous a guali-
tatively sinilar behavior, with no region of two-dimensional conditions.

Tigures A=3 and A-4 show the total and dynanic pressure distributions,
respectively, as o three-dimensional picture of a Wlade passage. Tae dis-
torted and unsatisfactory nature of the outlet flow can be seen in these
figures.

Data from vhich Tigures i~1 through A-4 were gencrated arc listed

Table A.I.




Table A-TI

First Configuration Irobte Zurvey Daba

RUN HO, 13

DATE 13 2 80 '

SPRN TRAVERSE
: A ir s

UFFER PLAME D ecE%gifgggsgéggm of blade
LOCoINY Q- QLIREF F3- QIREF PT -1FEF R HREF

(2222 R AL R R AR 22 R AR SR 2 s R R R R R E R e L L Y L
G.43 8.2817 9.4035 8.2321 9.5274
a. 32 « 2986 d.4119 3.279%8 8.5355
1.59 9. 3417 9,413% 9.2253 g.33935
1.22 Q.3598 9.4131 ¥.1732 @.6137
2.49 8.4573 9.4253 g.§3e3 B.6711
3.90 0.472 B.4251 @.0524 8.4315
3.59 9. 4450 g.4283 9.1137 8.€c25
4,00 g.4127 9. 4155 9, 1432 B.6375
4,59 9.3942 9.41238 a.17v2es . 8.6232
4,99 9.3985 B.4336 8.1819 0.5203
5.5 0.49730 V.4049 9.1723 9.6382
5,00 g9,393¢ B.4833 8.1739 G.86887
5,90 9.4293 9.4025 9. 1434 D.£503
7.90 9.4337 9,.4051 8.13%52 0.6530
7.58 89,4502 g.4113 B.11773 89.6557
2.99 3. 4464 09,4123 9.1207 9,562
5,49 9.4545 B.3122 B.1131 8.£533
8,99 09,4563 9.4129 0.1115 0.6701
.59 8.4943¢ 3,415 9,1299 0.5508

Q-RFEF IHM FILE Q13U
PS/QREF IH FILE PS13U
PT-GREF IN FILE PTI3U
XoUPEF IH FILE K130
POSITIONS IM FILE POS1Z
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i Confi ion T 5 - Data (Continued)
- Tirst Configuration Probe Survey Da (Cont

Pt ts, 14
DRTE =u = S
SFARN TFRYERSE

UPPEFR PLANE One inch from suction side

LOC IHs  O-ULREF F3-QIFEF PT QIREF

7o WREF

- v segrérorTrTTTTCOR " T r e T TR TETEXTE 2 ET O g rTERETE"
LEE R ) X fx€r * <" g r¥® rE E E R AR EE A S &Y ~ ey
LR N X

3. 41 9. 057 3.4163
3'3? 3. 4037 9. 3563
1.4ﬂ 9. 4174 0.3{32
1.9% F.4213 a.??t;
AR 8.4220 9,937
3,60 0 0. 4324 9. 0757
3.50 9 9.4131 8. 1477
.00 fn] 2 0.4127 a,2u13
+.59 @. 3331 9.4079 g.23e8
5. 0. 3112 0. 4027 9. 2531
5.51 9. 3025 9.39%¢ 3.z801
€. 08 0.2939 8.393¢ 8. 2595
5,90 0.3166 B.3213 L2730
540 0.3232 9.330S 0. 2531
7.50 9. 3155 9. 3330 8.27z4
3.99 9.2383 9.3340 9.2529
8,59 B. 2951 9.3347 2,235
3,00 9.3172 0.3968 9.3579
3,58 9.3213 3.3981 9.2525
@ CREF IN FILE Q14U

P3GREF IN FILE P514U

PT. OREF IN FILE FT14U

1) X REF IN FILE W14U

r PRRTTIONS IN FILE POS14

RUM HO, 1S

SPAN TRAYERSE

UPPER PLRNE

|

i DATE 29
¢

E Two ianches from suction side
|

LOCaIHy @ QIREF FSoN1REF PT DIREF

L2 X TR R A R AR AR R R A R e R R R R A R R A R AR SR LR R X

§ 8.50 9. 3007

1,00 0.30827

1.59 0,492? 8.1587

1.39% 0.5253 (s I ey

2,49 B.5353 9.02c5

2.99 B, 4322 B.9708

3,49 B.4924 Q.11:%

3. 23 3. 4245 9. 1423

4,49 B, 3837 0.21:7

4,933 0, 3046 8.2338
: 5.43 g, 2659 8, 3279%
: S.3% 9.2271 Q.3749

6,43 80,2117 9. 3918

5,39 8,204 Q. 3774
: T.d3 B, 2215 ) 13
' .73 8.2113 B, 3541
! 3,43 9,1427 9.4%4l

] d. 1631 3.4 14
i RPN D41l 9., .00t
: WOEEr I FILE i1y

Foooke I FILE P2z
CCFRFT CRSF I FILE FTE
wOURFE IR FILE iin

Fio D0t

™

]
AT 2 4 O R S

£

oot
o
XY N LR ETO

T IO U L L

A A%
A4 & - J T8 L O = 0 07 O
WG N e Lred N
CEVURS O gEF (N

OO D

nmcnn

cCeE

Yo VREF

Q,5443
0,540
g.e233
il s B
B, 7254
0.c383
B.c672 !
B.e45¢

9.c033

D, 5432
9,512
g, 4740
B, 4577




Tirst Sonfiguration robe Survey Data (Continued)

Funi ., 16

! JIZRE S 20 =

1t ]
SERN TRFRYERSE
UFFER FLANE fod. Laches f.oow suction side
LOC- N 0 OIREF Fa OLREF Pl DIFEF o nREF

TETTTTTL" !’?l*?l!"??'? TR LT TR LR LX LA LCL AR T LTI LTT OO

g, S B, 4052 9.9127
1o a, 4068 Jd.5:20
1,58 0 4114 0.61c7?
2.99 9,413 0.6967
.59 3.4:%¢6 B.7523
3.0 d,4253 -9.890%1 3. 7413
3.5 8. 4273 Q. 03558 89,7313
3.3 B.4237 a. 0104 8,7270
3, S D.4238 8,02 9.7153
S.39 a,4203 8.044? 3.703%
5,94 B, 42593 B.,0794 Q. 5228
S.QQ B.4222 9.999¢ 0.6712
€. %4 8.4228 8.1197 0 oSSq
7.00 ¥, 3291 ¥.1£39 0.6204
7.58 9,4899 9.2574 9.95571
3.09 0.,40957 0.3167 9.5853
8.5¢ 8.4028 9.3720 3.4538
.94 g, 4 Q.4123 0,4053
9.59 . 1379 8.4 9.4321 2.371s
2-GREF IN FILE @lcl
PSS QFREF IN FILE P3icU
PT-QREF IM FILE PTicU
woWREF IH FILE “1gl
POSITIONS IN FILE FPUOS1E
FUN Wi, L7
DATE 29 2 1]
SFAN TRAVERSE
UPFER PLANE Seven inches from suction side
(Oue iach frow pressure side)
Loc M) GoQLREF Fo-Q1REF PT-DL1REF oV REF
Q‘?’f*‘f?fﬁ??"f‘?*Q?'*QQ*QQ*?*Q??‘V*?Q**Q”*?Qt'r‘tx*f“***"
8,59 v. 3393 8. 4200 8, 17s? v.5193
1.99 0.5342 D.4243 9,5191 3. 7249
1.58 v.5263 9.4218 -9, g1ud V. 74593
2,90 J.5434 8.4291 ¥.0191 a,7394
2.50 Y5953 9, 4239 B 0441 Q, T4
3.99 9. 430 9. 4504 g, 700c
3.5 v.5199 3. 4483 0.?@8}
.00 9.5145 B 4361 8.7108
4.509 9.522% 9.4359 3 9.71e5
5.0 8.5252 g.4232 9. U14U 8.7181
5.5d 3. 5205 9, 4420 B.0199 3,742
st v. 5134 A4l B.LEs 3, T
] a.savt A,470 S IRTI, A
Pl B, So0m DU | [AIYE R ]
LS DS 0 S T S NI B
:.'A.“"- Ij‘.f\_‘b‘.- toda [S BN i, N
Q_gJ gL et KR I T NS I
81 AR U. 4ot 3§ IR .
2. Hn [AINETHARE (SR [XIEETRNRN

0 wFrr [ty FILE o170

Fooured I Flbe F-1 0

FT Cove G P L0 B

Do e ot Flle ol

Folltion: In Flue 7oz’ 69
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.' Tigure A-1
Tirst Configuration Resulis ((;kiel-pt)/qref Do:mstrean)
i
1
DELTR PT/CREF . )
UPPER PLRNE 0: Directly behind blade
RUNS 13/ 1% 15716/ 17 trailing edge
FEB 18 & 21, ISE2 1: One inch from suction
side
2: Two inches from suction
side
4: Four inches from suction
side

7: Seven inches from
suction side

g8.45 4
B.3% 2
B.2% 1

.15
8.1 0
7

e.es

SRR € INCHES)




Mgure A=2

Tirst Configuration Results (Q/Qref Dowmstrean)

- 0: Directly behind blade
trailing edge
A S A LA 1: One inch from suction
side
2: Two inches from suction
side
4Y: Four inches from suction
side

7: Seven inches from
suction side

SPAN ¢ INCHES)

7

e e e e e e Sttt - W'




Tirst Configuration Results ((pkicl-pt)/qref Downstrean,

OELTR PY/GREF
UPPER PLANE

RUNS 13/ 1%/ 18/16. 17
FES 18 A 2{, (980 +

Tigure A-3

SPRN ¢ INCHES)
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Tirst Configuration Resultis (Q/Qref Dowmstrean,

G/GREF
UPPER PLANE

RUNS 13/ 1418/ 16/ 47
FEB |

8 A 21,

8.6a
8.5
8.ug
l.l‘

8.20

Mzure A=4

3=}

-~

)

EPAN ( INCHES)




APPENDIX B: FIVE-SENSOR FLOW SURVEY PRESSURE PROBES

Two types of live-hole probes were used as traversing probes, The
United Sensor Corporation DC=125=24-I-22~CD Frobe, serial no, A0T1-2 (Tig.
B=1) was used at the outlet plane., The United Sensor Corz. DA-125 Probe,
serial no. AS847-1 (Pige B~R) was used at the inlet plane. Yhile the probes
differ in appearance, they were calibrated and used in a similar wsy.

Tach probe has five pressure ports, When the »nrobe is aligned with the
flow, port number 1 seases an indication of the total pressure. The other
four holes are arranged in pairs on opposite sides of the total pressure
pvort, and are ot an angle to the air stream, Torts 2 and 3 are in the sane
blade-to~blade »lane, as the probe is rotated about its shaft, Dlorts 4 and
5 are separated in the spenwise direction. The probe was inserted into the
airstrean tiroughh a slot in the side wall, DBefore the reading of each data
point, the probe was first rotated about its axis (the test section span-
wise axis) until the pressures sensed by ports 2 and 3 were eguai. The
probe was then assumed lo be aligned with the flow in the blade-to=-tlade
nlence Throuzlr the calibretion procedure given in Reference 10, tic res-
surcs sensed by the five ports were used to calcu’: .e the pitch anzle (¢ )
(in the spanvise plane) and velocity (in relation to the "limiting veloscity”,
’/ts X) of the flow at the probe,

A reference inlet dynanmic pressure was used to normalize rressure data
reported in Apnendix A, The reference pressure was computed from the total
pressure mezcsured by the Kiel probe and the static nressure ncasured by tiw
uall static tap ncar tiie inlet nlene. These prcssurcs vere uscd to col-

culate a llach number and 2 correspending A;manic pressure, Celore Sraverse

74




data wvere talzen, the *unnel was run at slightly varying sgsecds (near tie

normal overating suyecd) with the lower traversing -robe in the center of thc

in’et plane, A linear relationshi; was established betueen tle dymanic
oressure neasured by the traversing probe and that computed from Hiel and
wvall static pressures as described above, The linear relation was apnplied

to the measure of (fixed position) Kiel probe dynmamic pressure for each cata

pointy to calculate the reference inlet dynamic pressure for that peinte.
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APPENDIX C: RAKE PROBE DESIGN

The rzke prote, used for the first surveys of the C-series hlade cac-
cade, was designed and manufactured in house (Figure ~1), It consisted of
tuelve internally chamfered total pressure probtes, two static pressure
protes, and a centerline yaw angle probe, supported from a ." diameter meial
tube, The rake was installed across the airstrean throuzh a slot in the
side wall, I was rotated aboubt its axis to align the centeriine yaw prete
with the airsireams Iach probe was connected to one port of tlhe Scani-
valve so the sensed pressures could be recorded by the data system, This
rake probe could be traversed in the hlade-to-blade direction, to enahblc
surveys to be made of lolal pressure over a large area in o short -eriod

of tine,




Tigure O~1

Ralke Trobe

lnternally chamfered pressure

/ probe (typical)
- : B

St —
g—————
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S ———— .
—__‘=:_’_§;at1c pressure probe
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-_"‘-Q -
—.
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APPENDIX D: CALCULATION OF THE AXIAL VELOCITY-DENSITY RATIO (AVDR)

Continuity requires that:

- s -
jo'sh‘ fa V‘ asﬂ, C"Y( = fo h.zﬁ.. V', cos/é,_ gl‘7 (0-1)

where fz density
V. velocity
ﬂ1 air inlet angle
A, air outlet angle
hy spanwise streamtube depth
s blade_spacing

N  ‘blade~to-blade dimension, normal to axial direction,

end subscripis 1 and 2 refer to the test cascade inlet and outlet respectively,

As air passes through the cascade, boundary layers build up along the
side wvalls, contracting the streamtube in the spanvise direction, As a

measure of the two~dimensionality of the flow, the AVDR is the ratio cof the

2

equivalent depths of the streamtube at inlet and ocutlet, e equivalent
streantube denth, hi, replaces Bi and is taken to be constant over the 7
dimension:
S
h fa PaVa casﬁ,ldvz
]
AVDR = — = 73
h,™ [P viasB, dx (D-2)

In practice, uncommanded variations in blover szeed may be experienced

cduring tie time required to survey tie flow, As a result, ithe total nass
flow rate in the wvind tunnel is not exactly constant. ileasurcnenis, Lhere-
J )

fore, actually nave a weal: (and undesirable) time derendence, Igueiticn (D=2)




assumnes il measurenents are teken at the same nmoment in time, lore

wrecisely,

J:S)2;(37)1;) VGL<e7,1§)ckﬁyé%z(37'1b)‘177
fdsf’ [71 fa) VI [71t)ca5ﬂi (7/ f0)4{7 (7)"'3>

Since no neans exists to talke all measurements at once, the time de-

AVDR =

nendence of these terms must be removed in some oillier manner.

D)

In equation (D=3), each integrond has the dimensions (velocity.density).
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Ss 32
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Applying the same argument to the integrand in tle dencnminator in eque-
. !/ - . 3 iR} s . LI . o
tion (m7), it can be seen that this integrand is xT"z). Turthernore,
trere Iis ne reguirenent tial botl: numerator and dencninater inlerzonds e

noagured at the same time, since each is, indesencdently, a function of‘?

(5=2)

Th tals monner, the time dependence ol the measured "velocity-densities®

ey e elininated,
Rt ny o maromata anynts Mpre Pamaneca splapdtonara -l Ja Lo oaln™=" g%
LG Ry UG gensSrave sl a 're.dlence VelOoCLUY=(Inglll) 15 to esiotlish
o relsrence densily a rolsrence velocity walzhy, tasn nultislied Lo_sther,
Tornoa oguentity mich setisfics ecuction (D=5). e
632 ore net Yine devendent, This dis jushilied bty She sgsumbiocn thal smoll
clenges in Infed dymanic jressure ill have Little elffect on tle zir angles,
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t
ftz %—; (7=11,

V=XV = X{2eT (>-12)

vhere subserivt t refers to "total" quantities, and'ﬁtz 2c. 7, is tle

Bliniting" velocity. Then,

fj V= (RZ’F') [:1 :K :] yb|(i)( échjf% ) (=13}
e X 2 E“:‘ 2
= :%—__Tft-[l‘x ] __J-;—__Cf__— (0o12)

ch data zoint, the 1nterrand can be written as

{) _'fiﬁ__}((vzf)@ x%yt)]*"',;a T
m'ﬁ({ {%g_—_ﬂg))(ﬁ( (X eeff)]#c' o

foRad

""'_Jm‘.[ )t‘]".): ‘{.2(7‘]—) X(/J) X— (7EL ( (147
Meef (6 \feros G\ Xees (/] 1 -2 "‘f(*a) 6078 VARCSE

[&s)
(&)
Q.

50 taal, _lnv-*y

ft;(zzt) Xz(:z‘fo) .L-.X (z‘t
j ( Pros (A Xret &) /] 1- X,;f’(t) Slg (7)0(7

fe, (2. b\ X, (1, ;) -X (7, , (5=17)
L <f¢,,,¢(t.) Keet C Y| 1-Xoi (£,) ‘05/9 (7)

The final assuantion ic that tie »lenum nrossurce saticlies the conditions

AVDR=

imrosed on v, , and thot the conditions imposed on T . can be satisfied
v
ref

rel




by the quantity

]
Xm;’l/l‘ (’f—'"c— K (D-18)

Peces
vhere S is the lower wall static pressure.
o testing was done to examine these last two assumptions. Consequentliy,

it is possible that, in enalyzing the data in this way, the time dependence

of the measurements was only approximately, and not entirely, elininated.

"limination of the time dependence would require the measurement of ref-
erence quantities which satisfy equation (D=5) exactly,
The Xi were calculated by application of the survey probe colibration,

The p, and ﬁi vere measured directly by the probe, Tihe AVDR was calcu=-

t.
i

lated by numerical integration of equation (D-17).
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